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TESTS 0? TV/0 MODELS REPRESENT INO INTERMEDIATE INBOARD 
AND OUTBOARD WING SECTI0N3 OP THE XB-56 AIRPLaNE 
3y Seymour M, Bogdonoff • 
INTRODUCTION 

At the request of the Array Air ?orces> Materiel Command, 
tests v;ere made in the two --dimensional low-turbulence pres-. 
sure tunnel and the two-dimensional low- turbulence tunnel of 
two models submitted by the Consolidated- Aircraft Corporation. 

The model representing' the inboard section was tested 
with four combinations of flap shape and slot entry to obtain 
the best slotted flap characteristics on the basis of ma.xi- 
mum section lift 'coefficient ^and minimum section drag, coef- 
ficient when retracted. The combination chosen v/as . then 
tested to do term: no the effect of varying the ' gap with flap 
in the maximum lift nosition. Tests oh this section in- 
cluded lift, drag, nressure-di:str ibution mea^surements , and 
pitching moments for various flap deflections 5^. scale-.- 
effect test was made on the section' with flap retracted and 
at maximu]Ti lift position. 

Tests on the model representing the outboard section, 
an airfoil with an intei^nally balanced aileron and balanced : 
split flap, . included lift, pressure-distribution measure n^ntg, 
and pitching moments with various aileron deflections 5 for 
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each flap deflection. Drag and scale-effect data were ob- 
tained for the flap-retracted and neutral-aileron condition. 
Aileron effectiveness v/as also iiicluded. 

Most of the data were obtained at a Reynolds nuinber R 
of ' appro::ir:iately 3,000,000 and 9,000,000 v/ith the exception 
of the pltching-moraent data obtained on the moment balance. 
These tests were run at a Reynolds nuiTiber of approximately 
2,000,000. The large number of pressure-distribution 
diagrams obtained are not presented in this report but are 
available • 

MODJULS 

The models \;ere of 2li.-inch chord and constructed of 
wood v/ith metal flaps and aileron. The wings, flaps, and 
aileron all had pressure-distribution orifices. The sec- 
tions tested were intermediate sections of the actual wing 
v/hich had as a root section an NACA 65 (I|.20 )-U22 airfoil and 
as a tip section an LIACA 63(ii20)-517 airfoil. The inter- 
mediate inboard and outboard section models were appro:i;i- 
mately an IIACA 65 {1'20 )-l|21.55 airfoil and an WACA 65 (1+20 )-520.6 
airfoil. 

The inboard section had a 2l4..5-percent-chord slotted 
flap* Pour combinations of flap shape and slot entry were 
interchangeable on this model. 



The outboard section had an internally loalanced 
l^.^-porcont-chord aileron and a 16 . C-percent-chord 
balanced split flap v/hich retracted into the lower surface 
of the airfoil just ahead of the aileron. 

METHODS ^ 

Section drag coefficients v;ere obtained by the wake- 
survey method usin^ an inte^ratinr^ manoL.e ter . Section lift 
coefficients v/ere obtained by measurins the lift reaction on 
the floor and ceiling of the tunnel b^^ means of integrating 
manometers connected to pressure orifices in the floor and 
ceiling* Pressure-distribution data were obtained by 
reading and plotting the pressures directly from a multiple- 
tube manometer. 



At the tim.e this report v/as originally published^ 
some of the corrections required J?or reducing the test 
data to free-air conditions had not been determined. The 
values of section ].ift coefficient c^ for the inboard 

wing section should be corrected by the equation 

V/here Cj^__^q is the section li.ft coefficient at an angle 
of attack of 1'^. 

The section "^.Ift coefficients for the outboard v/ing 
section should be corrected by the equation 

^(corrected) ^ ^ I ' ^a-l^ 
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The section pltching-moment coefficients presented for 
the outboard section were obtained from a moment balance 
using a calibrated torque rod. The model v;as pivoted at 
the quarter-chord point and there v/as a gap of approximately 
0.15 inch betv/een the model ends and the tunnel walls to 
allow free movement of the m.odel. All tests of this type 
were made at a Reynolds number of approximately 2,000,000. 

For the inboard section, pitching moments were ob- 
tained by the above method for flap deflections of 0^ and 
20*^ t For a flap deflection of kO^, however, whore section 
pitching moments were above those for which the balance was 
designed and oscillations were large, moments were 
calculated by graphical means from, pressure-distribution 
data obtc.inod at a Reynolds nLmiber of approximately 8,000,000. 
These calculations were repeated for a flap deflection of 20^ 
to check the data obtained from the moment balance and to 
give an indication of possible scale effect on section 
pitching-mom.ent coefficient. The graphical miethod used 
gives the total section pitching-moment coefficient and in- 
cludes the component of moment associated \/ith the chord 
force . 

RESULTS AITD DISGUSSIOI; 
Inboard section .- The inboard section model with a 
slotted flap was equipped to be tested with four combinations 



of flap shape and slot entry (fig. 1), The lift data ob-- 
tained using the smallest flap gap, A-A», are presented in 
figures 2 to 5 '^h.e curve of section drag coefficient c^^ 

against section lift coefficient cj for flap retracted is 
presented in figure 6. Some trouble v/as experienced in 
getting accurate drag measurements because of spanv/ise flov/ 
in the slot, although all drag tests were made v/lth thin 
cardboard dams glued in the slot. Also included in 
figure 6 are the results of a test using flap 2 and nose 2 
with the gap filled with modeling clay. 

No combination of flap and nose gives any particularly 
large advemtage over any of the other combinations, but 
flap 1 and nose 1 seem to be the most favorable combination 
since it has the higjiest maximum, lift coefficient, J.IO, with 
a smooth lift curve, and slightly lower drag over most of the 
low-drag range. The maximum lift coefficient was obtained 
at a flap deflection of iiO^. Lift data v/ere also obtained 
for a flap deflection of 20^ and are presented in figure 7. 

On the basis of the tests made with the slot open an.d 
then filled ^./ith modeling clay, the need of a door to close 
the slot when the flap is retracted is not indicated^ 

Two alternate flap positions were tested (fig. 8) with 
the flap deflected l+O^ to study the effect of varying the 
gap. The results are presented in figure 9. The maximum 
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lift coefficient Increased from 5. 10 for the smallest gap, 
A-A«, to J. 23 for the large'st gap tests, C-C<. 

vath the flap in the qO°.C-G' position, lift data were 
obtained at Reynolds miribera of 2,000,000, 3,000,000 
6,000,000, and 9,000,000. Over this range the r.iaximu:-.i sec- 
tion lift coofflclent increased from 3.06 to 5.28 (fig. 10). 

Moment data for the flap retracted, 20° deflection, and 
i\.0^ C-G» deflection, arc pre:!ented in figure 11 and are of a 
magnitude expected for a O.250 slotted flap. For the flap 
retracted and at 20" deflection, section pitching -moment coef- 
ficients were obtained frcai moment-balance data. For the I+O^ 
C-C deflection, and as a check on the 20" deflection, section 
pitching-moment coefficients v/ere calculated from pressure- 
distribution data. The agreement between the moment balance 
and pressure-distribution data is considered very satisfactory 
and the scale effect on section pitching -raoment coefficient 
ma-r be considered negligible belo\/ maximuKi lift in the range 

tested. . ■■ ■ 

Outboard sectio n,- For the oiittoard section model v/ith 
the internally balanced aileron and balanced split flap 
(fig, 12) lift data were obtained for six positions of flap 
through a range of aileron deflections (fig'". I5 to lo). 
For the flap retracted and fully deflected, 50°, lift data 
v;ere obtained for aileron deflections of from 20° to -20° in 
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5° Increments. Por the intemediate positions, 10°, 20°, 
50°, and I|.0°, lift data were obtained only at 20°, 0°, and 
-20° deflections of the aileron. The maxlnium section lift 
coefficient obtained for neutral aileron was 2.57 for 50° 
deflection. The maxiinwa lift coefficient obtainable v/as 
2.59 v/ith the flap at 50° and the aileron at 5°. Por 
further positive deflection of the aileron v/ith the flap 
fully deflected, the riiaxlEiU-va section lift coefficient falls 
off to for 20° deflection. 

Por all of the intermediate flap positions there seems 
to be a definite tendency to have hi,^;her maxlraura lift coef- 
ficients with negative aileron deflections. The maximum 
lift coefficients for flap deflections of 20° and 50° are 
higher for -20° deflection of the aileron than for 0° or 20° 
A negative deflection of the aileron probably Induces a 
lower pres<5ure behind the flap causing larger and better 
flovv through the gap and around the flap. This effect dis- 
appears at 14.0° and 50° although the tendency is still shov/n 
by the \;ldG flat top of the lift curve for 14.0° flap deflec- 
tion (position 5) and -20° aileron deflection (fig. I7 ) . 

The effect of a deflected flap or aileron may be 
measured as a change of angle of attack of tlie wing section 
or by the change in the zero-lift angle. A factor of 



proportionality /'denoted by Act/ZiOf, -q.g) way be taken as a 
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measure of aileron effectiveness, although the airplane does 
not actually fly in this condition. This factor Aa/A6 
equals O.'^h, for the flap retracted and falls in the normal 
aileron-effectiveness range. Pron figure 15 it may be seen 
that this factor stays constant to high section lift coef- 
ficients. For the flap fully extended to 50^, Aa/A5 drops 
to 0.26 v/hich is below the normal range and gives only 
76.5 percent of the aileron effectiveness obtained v/ith the 
flap retracted. At high section lift coefficients the 
aileron effectiveness drops off still further, giving only 
about 60 percent of the effectiveness obtained with flap 
retracted* 

For the intermediate flap deflections , positions 2^ 5, 
and aileron effectiveness drops to a critical point, as 
low as 57 percent of normal effectiveness for position I4. in 
the high lift condition. For these three positions the 
average Aa/Ao is approximately one-half of the normal aileron 
effectiveness, and cannot give effective lateral control in 
this condition. Other investigations shov; that moving the 
flap farther back and allowing a large gap between flap and 
aileron v/ill give almost full aileron effectiveness at maxi- 
muTii flap deflections. Better effectiveness at intermediate 
flap positions may also be obtained. 



The variation of maximuni section lift coefficient for 
flap retro.ctod and fully deflected, 5^^^ for change in 
Reynolds nuinber is presented in figures I9 and 20. For 
flap retracted, the riiaxiini,HTi lift coefficient varies from 
1.28 to leI]-7 for a change in Reynolds nLmiber of from 
2,000,000 to 8,000,000rfor. 50^ deflection of the flap, the 
maxiiiiUi-a lift coefficient varies from 2j.|0 to 2.68 for the 
same change in Reynolds niimber^ 

In figure 21 is presented the curve of section drag 
coefficient against section lift coefficient for the flap- 
retracted and aileron-neutral condition. 

« 

Section pitching-moment data for all flap deflections 
through a range of aileron deflections are xoresented in 
figures 22 to 27 and are of a magnitude expected for such 
an arrangement. These data were obtained from, m.oment- 
balance measurements. The data at or beyond maximum lift 
are not considered reliable because there were gaps between 
the tunnel walls and the m.odol ends. The effect of gap and 
Reynolds nuxiber may be seen in figure 1]. for 20^ deflection 
of the slotted flap, Belov/ maximum lift the effects may 
be considered negligible. 
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CONCLUSIONS 
Inboard Section 

!• Flap 1 and slot entry 1 seein to be the best of the 
c omb inat ions t e s t e d ^ 

2, A rjiaxiriiimi section lift coefficient of 5 •28 v/as ob- 
tained v/ith the largest flap ^ap tested, C-CS a flap 
deflection of Ii.O^\ This cordpares very v/ell with other 
tests of similar flaps. 

p. On the basis of the tests nade, the need of a door 
to close the slot when the flap is retracted In some con- 
figurations is not definitely indicated^ 

• Oubboard Section 

[},• The maximuni section lift coefficient obtained was 
2.59 for 50^ deflection of the flap and 5^ deflection of 
the aileron. 

5t Some account must be taken of the increase in 
maximum sect3,vOn lift coefficient for negative aileron de- 
flections for intern.'sdi'^'te fl'ap positions 2^ 5 5 ^^'^^ 

6. Aileron effectiveness is deficient for the inter- 
mediate flap posiuloijs and falls slightly below the ranjre 
usually considered aeoeptable for the fully deflected 
position. The ef f ect jvoness of the aileron alone, flap 
retracted, is satisf actoryt 

Langley Memorial Ar>r'onnutical Laboratory, 

Nationa]. Ad^i'i^oJ-y Gorr.rLPttce for A.ei»onautics, 
Langley ?ieici, Va ., January 7 , 19^1-5 • 





Figure Combination of flap and slot entry for Inboard wing section 

model of XB-36 airplane with slotted flap. 
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Figure Three positions of slotted flap on Inboard wing section model 

of XB-56 airplane used to test effect of varying gap size* flap 1, 
slot entry Ij 6^^*, i;0^. 
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Figure Positions of balanced spilt flap and arrangement of Internally balemced aileron on outboard 

wing section model of XB-36 airplane. 
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